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The effect of feeding different levels (10 and 20%) of dehydrated olive cake
pulp on certain blood parameters and on the catalytic activity of serum enzymes was
studied in fattening rabbits. A total of 60 rabbits were divided into a control group
(C) and two experimental groups (E1, E2), each comprising 10 males and 10 females.
Rabbits of Group C received no dehydrated olive cake pulp in their diet, while rab-
bits of Group E1 and Group E2 were fed 10% and 20% dehydrated olive cake pulp,
respectively. After Day 56 of the experiment, blood samples were obtained by car-
diac puncture and certain blood parameters as well as the catalytic activity of serum
enzymes were determined. Following the experimental feeding period no significant
differences were found between Group C and Groups E1 and E2 in red blood cell
(RBC) and white blood cell (WBC) count, haemoglobin concentration and haema-
tocrit value. Similarly, after 56 days of experimental fattening no significant differ-
ences were found between the control group and the experimental groups in the
catalytic activity of the serum enzymes alkaline phosphatase (AP), aspartate amino-
transferase (AST), gamma-glutamyltransferase (GGT), and lactate dehydrogenase
(LDH). However, Group E2 rabbits manifested a significantly higher alanine amino-
transferase (ALT) activity in the serum than did rabbits of Group E1. The results in-
dicate that the inclusion of dehydrated olive cake pulp in the diet at the rate of 10%
or 20% caused no changes in the investigated blood parameters and serum enzyme
activities of fattening rabbits.
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Olive cake is a by-product obtained in the process of extraction of olive
oil from olives. Olive cultivation forms a part of fruit production in many coun-
tries around the world, being particularly prevalent in the Mediterranean region.
In the mass cultivation of olives the oil extraction process yields considerable
quantities of olive cake, which in some countries is used as cattle feed in the
form of cake, whereas in other countries it is disposed of in the area around the
oil-producing plant, thereby polluting the environment.
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The composition of olive cake makes it a valuable feed source for various
species of animals. Depending on the technological process employed in olive
oil extraction, olive cake contains between 3.5 and 5% oil, 2.5 to 6% crude pro-
tein, as well as other nutrients (Manoukas et al., 1973; Venik et al., 1993, 1994;
Rupiæ et al., 1997). Olive cake also contains large amounts (2235%) of crude
fibre which, although in larger quantities is harmful to pigs and poultry, is nec-
essary for and beneficial to ruminants and rabbits. Where the process of cen-
trifugal separation is employed (Van Soest, 1975; Sansoucy, 1985), the resulting
cake has high water content (4753%), and thus the cake either has to be drained
or dried before it is added to animal fodder. Olives also contain the glycoside
oleoropein, which has a roborant effect (Jakobs, 1951) and which, when added
to olive cake, can improve the taste of fodder.
Although olive cake has been used as an animal feed for a long period of
time, few research projects have so far concentrated on its effects. Most of the
studies carried out to date focused on the use of olive cake in the feed of rumi-
nants (Belibasakis, 1984; Nefzaoui and Vanbelle, 1984; ODonovan, 1984;
Boucqué and Fiemes, 1986). Belibasakis (1984) studied the nutritive effect of
olive cake pulp (treated and untreated with NaOH) on the quantity of milk, total
dry matter, milk fat, proteins and lactose in milk, as well as on relations between
organic acids in the rumen of Friesian cows. In one experiment, cows were fed
7.5 and 15% plain olive cake pulp, while in another trial they were fed the same
percentages of olive cake pulp treated with NaOH. None of the animals devel-
oped any illness. In both experiments investigating the effects of feed containing
7.5 and 15% olive cake pulp (both treated and untreated with NaOH), no
changes occurred in the quantity of milk, total dry matter, or lactose and proteins
in milk. The author concluded that olive cake pulp could be used in the feed of
dairy cows. ODonovan (1984) conducted experiments with dehydrated olive
cake pulp in the feed of calves (130 kg) and yearlings (283 kg). He established
that only large quantities (30%) of dehydrated olive cake pulp in the feed con-
centrate caused a reduction in the body weight of calves. Only few research
projects have dealt with pigs (Rupiæ et al., 1997) and poultry (Rupiæ et al., 1993;
Christaki et al., 1994). Rupiæ et al. (1997) established that fattening pigs fed
meals containing 5 and 6% dehydrated olive cake pulp achieved a slightly higher
growth rate and higher finishing weight as compared to pigs not fed olive cake
pulp. In an experiment carried out in broiler chickens fed dehydrated olive cake
pulp at an inclusion rate of 5% and 6%, Rupiæ et al. (1993) established that after
a 50-day fattening period chickens fed olive cake pulp weighed slightly less than
those fed a diet free of olive cake pulp. No significant differences were detected
in red blood cell (RBC) count, haemoglobin concentration or haematocrit level
between chickens fed and those not fed olive cake pulp. In the available litera-
ture we could not find any data on the influence of feeding olive cake pulp on
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haematological and biochemical variables or on the catalytic activity of serum
enzymes in ruminants, pigs and rabbits.
Hence, the aim of the present study was to establish the nutritive effect of
high levels (10 and 20%) of dehydrated olive cake pulp in rabbits on the basis of
certain haematological variables and the catalytic activities of serum enzymes after
a 56-day period of test feeding.
Materials and methods
Sixty (30 male + 30 female) weaned, 30-day-old Hyla rabbits were used.
The rabbits were divided into three groups, each group comprising 20 animals: a
control group (C) and two experimental groups (E12). All rabbits were marked
with numbers from 1 to 60, tattooed on the right ear. Initial average body mass of
Group C rabbits was 666.15 ± 78.99 g, while that of rabbits in the two experimen-
tal groups was 659.15 ± 83.42 g (E1) and 648.25 ± 82.27 g (E2). Analysis of vari-
ance showed that differences in the initial body weight of rabbits between the
groups were not significant. Each group of rabbits was housed in five stainless
steel cages, located in the same room and on the top of each battery. The room was
air-conditioned with temperature maintained at 18 to 20 °C and relative humidity
between 60 and 70%. In order to decrease the risk of infection, all cages and
equipment were treated with a chlorine disinfectant prior to the experiment.
The basic chemical composition of olive cake pulp is shown in Table 1.
Table 1
Chemical composition of olive cake pulp (% in original matter)
Basic chemical composition
Moisture Ash
Crude
protein
Crude
fat
Crude
Fibre
NFE* Ca P
Fresh olive cake
48.72 0.81 2.79 3.92 25.98 17.78 0.07 0.04
Dehydrated olive cake pulp
1.95 1.56 5.34 7.50 49.70 33.95 0.14 0.08
*NFE = nitrogen-free extract
Throughout the experiment, Group C rabbits received a feed containing
no olive cake pulp, while those of Group E1 and Group E2 received a feed con-
taining 10% and 20% dehydrated olive cake pulp, respectively. The composition
of feed mixtures and their chemical analyses are shown in Table 2.
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Table 2
Ingredients and chemical composition of diets
Groups of animals
C (control) E1 E2
Dehydrated olive cake pulp 0.00 10.00 20.00
Maize 28.40 31.90 34.70
Barley meal 5.00 3.00 3.00
Wheat middlings 6.00 5.00 6.00
Soybean meal, expelled 0 10.00 17.40
Sunflower meal, expelled 18.50 11.00 8.00
Dehydrated alfalfa meal 41.00 27.80 9.00
Dibasic calcium phosphate 0 0 0.20
Limestone 0.30 0.50 0.90
Sodium chloride 0.30 0.30 0.30
Mineral-vitamin mix 0.50 0.50 0.50
Total 100.00 100.00 100.00
Analysis as fed, % in dry matter*
Dry matter 88.10 88.81 88.76
Crude protein 17.44 17.89 17.63
Crude fat 3.30 3.46 4.20
Crude fibre 15.31 15.97 14.93
Ca 0.92 0.83 0.76
P 0.65 0.55 0.53
*Official methods were used throughout (A. O. A. C., 1984)
Table 3 presents the amino acid composition of the feed mixture and de-
hydrated olive cake pulp.
The rabbits were fed the above-described mixtures continuously through-
out the 56-day experimental period. Olive cake pulp used in the experiment was
obtained through the centrifugal separation process (Martilotti, 1983), in which
oil was extracted from local varieties of olives grown on the island of Krk. Fresh
olive cake, containing 48.72% water, was dried at a temperature of 35 °C to a
water content of 2% and was then reduced to particles 2 mm in size in a hammer
mill. All rabbits involved in the experiment were fed from automatic feeders.
Water was provided ad libitum from automatic dispensers.
The microbiological examination of one gram of feed mix showed a germ
count of 270,000, 22,000 and 49,000 for Group C, Group E1 and Group E2, re-
spectively. In the same quantity of feed no salmonellae were found, while sul-
phite-reducing clostridia did not exceed 1000 in all mixtures used. One gram of
control mixture showed a mould count (Aspergillus sp., Penicillium sp.) of 4000.
The mould count was less than 1000 in Group E1 and 2000 in Group E2.
Ingredients (% as fed)
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Table 3
Amino acid composition of the feed mix* and dehydrated olive cake** used in the experiment
(g/100 g original matter)
Amino acids C (control) E1 E2
Dehydrated olive
cake pulp
Methionine 0.33 0.31 0.30 0.02
Lysine 0.67 0.78 0.85 0.07
Threonine 0.69 0.70 0.68 0.28
Arginine 1.08 1.11 1.18 0.24
Glycine 0.90 0.82 0.76 0.31
Histidine 0.42 0.43 0.43 0.07
Phenylalanine 0.89 0.87 0.85 0.27
Leucine 1.36 1.38 1.36 0.42
Isoleucine 0.80 0.80 0.77 0.23
Valine 0.86 1.10 1.49 0.33
Serine 0.69 1.04 1.36 0.29
Tyrosine 0.51 0.65 0.79 0.06
*Calculated data (Rhône Poulenc Animal Nutrition, 1989); **Amino acid composition by analysis
At the end of the experiment blood samples were obtained by cardiac
puncture for haematological analyses. Prior to puncture the rabbits were anaes-
thetised with an intramuscular injection of ketamine hydrochloride, 50 mg/kg
body weight (Makek et al., 1981). When narcosis was established, the rabbits
were laid down in dorsal recumbency and secured to a board designed for the
taking of blood samples. Blood was stored in Greiner test tubes with EDTA.
Blood samples (10 ml) were taken from all rabbits included in the experiment
(5 ml with EDTA and 5 ml without EDTA was taken from each animal). Each
sample was placed in a separate test tube and then used for the determination of
haematological parameters including red blood cell (RBC) count, haemoglobin
(Hb) concentration, haematocrit (Hct) value and white blood cell (WBC) count.
The catalytic activities of the following serum enzymes were determined with
reagents and using a Technicon H-1 apparatus: alkaline phosphatase (AP; EC
3.1.3.1), aspartate aminotransferase (AST; EC 2.6.1.1), alanine aminotransferase
(ALT; EC 2.6.1.2), gamma-glutamyltransferase (GGT; EC 2.3.2.2) and lactate
dehydrogenase (LDH; EC 1.1.1.27).
The rabbits used in this study were maintained in facilities approved by
the Croatian Association for the Accreditation of Laboratory Animal Care, and
in accordance with current regulations and standards issued by the Croatian
Ministry of Agriculture.
All statistical analyses were performed using the SAS GLM procedure
(1989).
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Results
After 56 days of feeding the following mean body weights were achieved:
2322.00 ± 197.46 g (C), 2331.50 ± 222.06 g (E1), 2397.50 ± 187.69 g (E2). No
significant differences in body weight were found between Group C and the ex-
perimental groups. The feed conversion ratio (FCR) was 4.13 in the control
group, 4.01 in Group E1 and 3.92 in Group E2.
The haematological variables of Hyla rabbits after 56 days of feeding are
shown in Table 4.
Table 4
Haematological variables of rabbits after Day 56 of the experiment (n = 20)
Group of animals
C
(mean ± SD)
E1
(mean ± SD)
E2
(mean ± SD)
RBC, 1012/L 6.04 ± 0.44 5.98 ± 0.35 6.00 ± 0.38
Haemoglobin, g/L 130.89 ± 6.68 129.12 ± 6.79 128.76 ± 6.74
Haematocrit, L/L 36.54 ± 1.88 36.74 ± 1.81 36.70 ± 2.19
WBC, 109/L 8.51 ± 2.75 8.11 ± 2.65 8.27 ± 2.41
There were no statistically significant differences in the RBC count either
between the control (C) and the experimental groups (E12) or between the two
the experimental groups.
Rabbits of Group C were found to have the highest haemoglobin level, al-
though no statistically significant differences were found in that variable between
the control and the experimental groups, or between the two experimental groups.
Like the RBC count, the haematocrit value was very similar in all groups.
The differences found between Group C and the experimental groups in Hct value
were statistically insignificant.
The WBC count was also comparable in all groups of rabbits, with differ-
ences between the groups being minimal and insignificant.
Catalytic enzyme activities in rabbit serum are shown in Table 5.
Rabbits in the two experimental groups showed a higher AP activity in the
serum than those in Group C, but no statistically significant differences were
found in that regard between Group C and the experimental groups, or between
the two experimental groups.
Rabbits in Group E2 showed higher serum AST activity than those in
Groups C and E1, although the differences were insignificant.
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Table 5
Catalytic activity of enzymes AP, AST, ALT, GGT and LDH in the blood serum of Hyla rabbits
at the end of the experiment (U/l) (n = 20)
Group of animals
C E1 E2
Enzyme (mean ± SD) (mean ± SD) (mean ± SD)
AP 70.73 ± 19.87 76.00 ± 15.52 78.32 ± 22.33
AST 34.41 ± 10.96 34.11 ± 12.60 38.16 ± 17.78
ALT 44.23 ± 10.21 41.00 ± 7.90
†
45.79 ± 9.94
†
GGT 5.96 ± 1.68 5.84 ± 1.54 6.58 ± 1.80
LDH 526.00 ± 147.27 524.26 ± 176.69 479.21 ± 170.43
†
Significant difference (P < 0.05) in average catalytic activity between experimental groups
The highest serum ALT activity was found in Group E2 rabbits (45.79 ±
9.94 U/l), and the lowest in Group E1 rabbits (41.00 ± 7.90 U/l). The difference
was statistically significant (P < 0.05). However, there were no statistically sig-
nificant differences in ALT activity between rabbits in Group C and those in the
two experimental groups.
Serum GGT activity was roughly equal in all groups, the differences es-
tablished being minimal and statistically insignificant.
The highest LDH activity was found in Group C rabbits and the lowest in
rabbits of Group E2, although the differences between the two experimental
groups were not statistically significant.
Discussion
On the basis of the achieved body weights it can be established that dehy-
drated olive cake pulp added to the feed at two different inclusion levels had no
significant influence on the finishing body weight of fattening rabbits. The FCR
was similar in all groups, demonstrating that different levels of dehydrated olive
cake pulp had no influence on the FCR throughout the 56-day fattening period.
Following the 56-day experimental period the RBC count was very simi-
lar in Group C rabbits and in rabbits of the experimental groups, which indicates
that, at the levels (10% and 20%) added to the feed, dehydrated olive cake pulp
had no influence on erythropoiesis in fattened rabbits.
After the 56-day feeding period, Group C rabbits showed an insignifi-
cantly higher haemoglobin concentration than those in the two experimental
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groups, which implies that the 10% and 20% inclusion levels of dehydrated ol-
ive cake pulp in the feed mix had no influence on Hb synthesis.
Like the RBC count, the haematocrit value was also very similar in Group C
rabbits and in those of the two experimental groups, indicating a lack of influ-
ence exerted by dehydrated olive cake on that variable.
The similar values of WBC count found in all groups suggest that the de-
hydrated olive cake pulp had no influence on leukopoiesis.
In all groups, the RBC and WBC counts as well as the Hb and Hct levels
were similar to the values published as physiological for rabbits by Kolb (1962),
Spörri and Stünzi (1969), Scheunert and Trautmann (1987), Bortolotti et al.
(1989), McLaughlin and Fish (1994) and Rupiæ et al. (1991, 1996).
From the above results it can be concluded that dehydrated olive cake
pulp fed at a level of 10% and 20% had no influence on erythropoiesis,
leukopoiesis and on the Hb and Hct levels. In other words, it was not detrimental
to the health of animals during the 56-day experimental fattening period.
The lowest serum AP activity was found in Group C rabbits, a higher level
was established in Group E1, and the highest in Group E2. However, the differ-
ences found between the groups were not statistically significant. Hence, it can
also be concluded that the 10% and 20% dietary levels of dehydrated olive cake
pulp caused an insignificant rise in AP activity in the serum of rabbits during the
56-day feeding period. It would be of considerable practical value to continue
feeding the rabbits with the same levels of dehydrated olive cake pulp in fodder
mixes (for several months or even years) and to monitor the influence of that feed
component on serum AP activity. The values of AP activity found in this study
fully correspond to those quoted as physiological for rabbits by Grötsch and Hajdu
(1979), Lindena and Trautschold (1986), and Hewit et al. (1989). However, the
values found by us are higher than those reported by Dabew et al. (1976) and Yu et
al. (1979), and lower than those published by Liker et al. (1998).
After the 56-day experimental period, Group E2 rabbits had higher serum
AST activity than rabbits in Groups C and E1, although the differences were not
statistically significant. Thus, at a dietary inclusion rate of 10% or 20% dehy-
drated olive cake pulp caused no significant changes in serum AST activity.
Changes were observed in serum ALT activity in rabbits fed mixtures
containing dehydrated olive cake pulp (E1 and E2 mixtures). Rabbits in Group E1
showed a lower, and rabbits in Group E2 a higher, serum AST activity in relation
to those in Group C. It is interesting to note that rabbits fed 10% dehydrated ol-
ive cake pulp had a significantly lower ALT activity than those fed 20%.
Serum AST and ALT activities of rabbits in all groups are in the physio-
logical range reported for rabbits by Kozma et al. (1974). They are higher than
the values reported by Friedel and Mattenheimer (1970), Schievelbein et al.
(1970), Grötsch and Hajdu (1971), Dabew et al. (1976), Lindena and Traut-
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schold (1986) and Liker et al. (1998), but lower than those found by Lepitzki
and Woolf (1991). The slightly higher AST and ALT values of rabbits included
in this experiment were due to the slight haemolysis that occurred during the
taking of blood samples, rather than to the nutritive influence of dehydrated ol-
ive cake pulp added to the feed.
Serum GGT activity was roughly equal in all groups of rabbits, except
that rabbits of Group E2 showed higher GGT activity than those in Group C and
Group E1, although these differences were not statistically significant. It can
therefore be concluded that consumption of feed containing different levels of
dehydrated olive cake pulp caused no significant changes in serum GGT activity
of rabbits after the 56-day period of experimental fattening. The GGT activities
found in all groups of rabbits correspond to the values reported by Liker et al.
(1998), and are higher than those described by Yu et al. (1979), Lindena and
Trautschold (1986), and Lepitzki and Woolf (1991).
Rabbits of both experimental groups had lower serum LDH activity than
the control rabbits, although the differences found were not statistically signifi-
cant, suggesting that the feeding of dehydrated olive cake pulp had no effect on
serum LDH activity. The serum LDH activity found in all groups of rabbits in-
cluded in this experiment was higher than the values reported by Friedel and
Mattenheimer (1970), Schievelbein et al. (1970), Dabew et al. (1976), Yu et al.
(1979), Lindena and Trautschold (1986) and Hewit et al. (1989), they were equal
to values published by Grötsch and Hajdu (1971), and lower than those reported
by Liker et al. (1998). That high level of serum LDH activity found in all groups
of rabbits in this experiment was probably the result of a mild haemolysis that
occurred during the taking of blood samples. The procedure of taking blood
from the heart, which caused a minor damage to the myocardial cells, also con-
tributed to the high serum LDH activity.
On the basis of the haematological variables and the catalytic activities of
serum enzymes it can be concluded that dehydrated olive cake pulp, when added to
the feed at a level of 10% or 20%, exerted no harmful effect on the haematopoietic
system or on the catalytic activity of serum enzymes. In other words, it was not
detrimental to the health of rabbits during the 56-day fattening period.
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